Simultaneous determination of ketoacids and dicarbonyl compounds, key Maillard intermediates on the generation of aged wine aroma by Ferreira, António César da Silva et al.
Simultaneous Determination of Ketoacids
and Dicarbonyl Compounds, Key Maillard
Intermediates on the Generation
of Aged Wine Aroma
ANTO´NIO CE´SAR DA SILVA FERREIRA, SOFIA REIS, CE´SAR RODRIGUES, CARLA OLIVEIRA, AND PAULA GUEDES DE PINHO
ABSTRACT: The aim of this work was the simultaneous determination of both ketoacids and dicarbonyl compounds
in wine. To detect ketoacid compounds in wine, a method based on the quinoxaline derivatives by the reaction with di-
aminobenzene, currently employed to detectα-dicarbonyl compounds, was developed. The quinoxaline derivatives
were detected by RP-HPLC with UV detection, which allows the determination of the major dicarbonyl compounds
in wine: glyoxal, methylglyoxal, diacetyl and pentane-2,6-dione, and the quinoxaline/quinoxalinol derivatives of
α-keto-γ-(methylthio)butyric acid and β-phenylpyruvic acid (intermediate ketoacid compounds of methional and
phenylacetaldehyde) were simultaneously detected by a fluorescence detector. The identification was performed by
comparison with standards and also by using LC-MSMS. The levels found in 15 wines analyzed (white wines, Madeira
wines, and Port wines) diverge according to the type and the age of the wine. The ketoacid compounds ranged from
0.2 to 5.7 mg/L for α-keto-γ-(methylthio)butyric acid and 0.1 to 9.6 mg/L for β-phenylpyruvic acid. The quantities
observed for dicarbonyl compounds were similar to those already reported.
Keywords: α-dicarbonyl compounds, α-keto-γ-(methylthio)butyric acid, β-phenylpyruvic acid, quinoxa-
line/quinoxalinol derivatives, SPE, wine
Introduction
Oxidative degradation of white wines has been studied by someauthors (Singleton and Kramling 1976; Silva Ferreira and oth-
ers 2002, 2003). It has been demonstrated that the typical aroma
of oxidative spoiled white wine is related to the presence of me-
thional and phenylacetaldehyde (Silva Ferreira and others 2002,
2003), substances accountable, respectively, for the “boiled-potato”
and “honey-like” odor notes with threshold values of, respectively,
0.5 μg/L (Escudero and others 2000) and 25 μg/L (Silva Ferreira
and others 2002). These compounds can be formed from the di-
rect oxidation of the respective alcohol or via Strecker degradation
of the respective amino acids, whereby the amino acids are decar-
boxylated and deaminated forming aldehydes, known as “Strecker
aldehydes” (Shonberg and Moubacher 1952; Marchand and others
2000; Pripis-Nicolau and others 2000; Keim and others 2002). These
are simple aldehydes containing one less carbon than the parent
amino acid, such as phenylacetaldehyde from phenylalanine or me-
thional from methionine. Between the amino acid and the Strecker
aldehyde, some authors suggest that an intermediary ketoacid is
involved (Hofmann and others 2000).
Some works have been done to determine the α-dicarbonyl com-
pounds in beer and wine due to their importance in sensorial im-
pact, reactivity with other matrix components, or possible microbi-
ological effects. The methodology used for these determinations is
based on the formation of quinoxaline derivatives by the reaction
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with diaminobenzene detected by RP-HPLC with UV detection (Bar-
ros and others 1999; Revel and others 2000). The major dicarbonyl
compounds present in wines are glyoxal, methylglyoxal, diacetyl,
and pentane-2,3-dione (Revel and Bertrand 1993).
Some ketoacid compounds were quantified in physiological sam-
ples by RP-HPLC with fluorimetric detection using the quinoxali-
nol derivatives (Li and others 1995; Schadewaldt and others 1995;
Pailla and others 2000); however, α-keto-γ -(methylthio)butyric acid
and β-phenylpyruvic acid have never been quantified in wines.
These two compounds were already quantified in lactic bacteria
with an initial conversion between the amino acid and the ke-
toacid compound, by an aminotransferase, followed by decarboxy-
lation to the aldehyde (Krings and others 1996; Amarita and others
2001).
The main objective of this work was to develop a selective and sim-
ple method to quantify the α-keto-γ -(methylthio)butyric acid and
β-phenylpyruvic acid (intermediary ketoacid compounds of me-
thional and phenylacetaldheyde, respectively), simultaneously with
the quantification of the major dicarbonyl compounds in wine. The
method was based on quinoxaline/quinoxalinol derivatives forma-
tion by the reaction with diaminobenzene. The quinoxaline deriva-
tives were detected by RP-HPLC with UV detection, and the quinox-
alinol derivatives were detected by fluorescence.
For the first time, α-keto-γ -(methylthio)butyric acid and β-
phenylpyruvic acid are detected in wines by a simple and selective
method that enables the quantification of Maillard intermediates,
some of which are believed to be key substances in the generation
of aged wine aroma. This methodology constitutes a fundamental
tool in order to gather useful information concerning the assess-
ment of the main pathway of the formation of Strecker aldehydes in
beverages.
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Material and Methods
Wine material
Wines samples were studied in mixed varieties of Vitis vinifera
from grape-growing regions Douro and Madeira, respectively, table
and fortified wines. Regular table white wine (sugar <1 g/L) were
analyzed with 1 to 6 y of bottle maturation time. The fortified white
wine, Madeira, corresponded to different varieties, fermented until
different sugar concentrations, respectively, 90 g/L for Boal (CB), 110
g/L for Malvazia, 25 g/L for Sercial, and 65 g/L, Verdelho Tinta Negra
Mole (TNM) varietal is vinified with the 4 residual sugar content
levels. These wines can be classified according to their sweetness
into sweet, half sweet (M/sweet), or half dry (M/dry). Port wines
were studied in varieties of V. vinifera from Douro. The red fortified
wines (sugar approximately 100 g/L) wines were supplied from IVP
(Port Wine Inst., Portugal).
Reagents
Ketoacid compounds:α-keto-γ -(methylthio)butyric acid sodium
salt (Sigma Portugal, K6000) and β-phenylpyruvic acid (Sigma Por-
tugal, P8126). Dicarbonyl compounds: glyoxal (Aldrich Portugal,
128465); methylglyoxal (Sigma Portugal, M0252); diacetyl (Sigma
Portugal, D3634); 2,3-pentanedione (Fluka Portugal, 76910); and
2,3-hexanedione (Aldrich Portugal, 144169). 1,2-Diaminobenzene
(Sigma Portugal, o-phenylenediamine P9029). Solvents: acetoni-
trile (Romil H049) and ethanol (1.11727 Merck Portugal). Stationary
phases: predone column LC18 (Supelco Portugal, 505471).
Sample preparation
Preparation of quinoxaline/quinoxalinol derivatives. This pro-
cedure was based on previous work (Barros and others 1999). Three
steps were performed. In the 1st step, a solid-phase extraction was
employed as a cleanup step before the derivatization. In the 2nd step,
the eluated compounds from the 1st step were derivatized to pro-
duce quinoxaline/quinoxalinol, and in the last step, a solid-phase
extraction was used in order to isolate and concentrate the deriva-
tives prior to liquid chromatographic analysis.
A volume of 40.0 mL of wine was mixed with 50μL of internal stan-
dard (25 mg/L of 2,3-hexanedione in ethanol) and passed through
a 1-g solid-phase (C18) extraction column (SPE-column 1). The col-
Figure 1 --- Solid-phase extraction
protocol.
umn was then washed with 5 mL of water and the former volume
was added to the eluated wine. The final volume (45.0 mL) was then
spiked with 0.05 g of 1,2-diaminobenzene and the pH was adjusted
to 2.0 with H2SO4 (Li and others 1995). Samples were stored at 60 ◦C
for 3 h. After these, the reactant mixtures attained room temperature
and were passed through a 1-g solid-phase (C18) extraction column
(SPE-column 2) (Figure 1). The column was then washed with 5 mL
of water, and the quinoxaline/quinoxalinol derivatives were eluated
from the column with 4 mL of acetonitrile. When handmade column
were used, the 1st 2 mL was rejected and the last 2 mL was injected.
For commercial column, the 1st 1 mL was rejected, the next 2 mL
was injected, and the last 1 mL was rejected.
Column preparation. A predone LC18 column 1 g (Supelco, Por-
tugal) was used. Prior to sample addition, the column was activated
by passing through successively 2 mL of acetonitrile and 2 mL of
ultrapure water (18.3 M/cm). The flow rate was maintained close
to 1.5 mL/min, using a Visiprep system (Supelco), at –20 mmHg
constant vacuum.
Chromatographic procedure
Stationary and mobile phases. The column used was a Super-
spher 100 RP-18 (250 mm), 4-μm particle size. The mobile phases
used were solvent A, acetonitrile/water (2:8 v/v); solvent B acetoni-
trile; in the following gradient: 0 to 5 min (100% A), 5 to 40 min (100%
to 15% A), 40 to 41 min (15% to 0% A), 41 to 56 min (0% A), 56 to 59
min (100% A); with a flow rate of 1.0 mL/min.
Identification. The dicarbonyl and ketoacid compounds in sam-
ples were identified by comparison of the retention time in HPLC
from commercially available standards and LCMSMS techniques.
HPLC-MSMS conditions
HPLC analysis was carried out on a Prostar 210 LC pump (Varian,
Calif., U.S.A.). Chromatographic separation was performed on a C18
column (5 μm) 4.6 mm × 250 mm with precolumn filter of 0.2-
μm frit. Solvent A was 100% acetonitrile and solvent B was 100%
water with 0.1% formic acid (w/v). Solvents were filtered prior to
use through an FA 0.22-μm filter (Millipore). The mobile phase was
prepared daily, degassed using an in-line degasser (MetaChem) and
delivered at a flow rate of 0.3 mL/min at isocratic mode 80% B and
20% A.
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A varian 1200 triple quadrupole mass spectrometer was used with
electrospray ionization in positive and negative modes. Full-scan
spectra were taken in the mass range of m/z 100 to 1000. The oper-
ating parameters of the APCI and ESI source, including nebulizing
gas pressure, drying gas pressure, drying gas temperature, housing
temperature, needle voltage and shield voltage, as well as optimal
Collision Energy on Q2 for MSMS breakdown were all optimized
with regard to maximum signal intensity of pseudomolecular ion by
flow injection of 1000-μL samples with 0.1 and 0.5 μL/min for ESI
and APCI sources, respectively.
ESI mass spectra of pure standards were analyzed by LC-MSMS
under positive- and negative-ion mode with flow injection. Pseudo-
molecular ion [M − H]− or [M + H]+ was obtained as the base ion.
Results and Discussion
HPLC analysis
The methodology is based on the reactions presented on Figure 1.
Identification of the derivatives was done by comparison of reten-
tion time with a reference standard chromatogram and peaks were
confirmed by LC-MSMS. The experimental result from LC-MSMS
shows that the keto acids, phenylpyruvic, oxobutyric, and ketoglu-
taric, were easily deprotonated at the electrospray ion source under
the experimental conditions to form the negative molecular ions
[M−H]−. Concerning methyltiobutyric acid, the sodium adducts
[M−Na]− are obtained. The experimental parameters are summa-
rized in Table 1.
Chromatographic conditions allowed a good separation of the
compounds in all the wines analyzed. The chromatograms obtained
Table 1 --- LC-MSMS apparatus conditions
Instrument parameters Phenylpyruvic acid Oxobutyric acid Ketoglutaric acid Methyltiobutyric acid
Polarity --- --- --- ---
API drying gas 30 psi at 300 ◦C 30 psi at 300 ◦C 30 psi at 300 ◦C 30 psi at 300 ◦C
API chamber temperature (◦C) 50 ◦C 50 ◦C 50 ◦C 50 ◦C
API nebulizing gas Air 51 psi Air 51 psi Air 51 psi Air 51 psi
Capillary voltage –20 V –10 V –40 V –20 V
Q2 collision cell pressure Argon 1.52 mTorr Argon 1.52 mTorr Argon 1.52 mTorr Argon 1.52 mTorr
Collision energy (V) +10.00 V +8.00 V +10.00 V +10.00 V
LC flow 0.3 mL/min 0.3 mL/min 0.3 mL/min 0.1 mL/min
Mobile phase B/A (80/20; v/v) B/A (80/20; v/v) B/A (80/20; v/v) B/A (80/20; v/v)
Scan time (s) 0.400 0.400 0.400 0.400
Needle voltage (V) 5000 5000 5000 5000
Shield voltage (V) 600 600 600 600
Detector voltage (V) 1450 1450 1450 1450
Precursor ion (m/z) 163 100.8 145 163
Product ion (m/z) 91 57 101 91
Figure 2 --- Formation
of quinoxalinol/
quinoxaline
derivatives.
by HPLC are shown in Figure 3. The peaks of dicarbonyl compounds
(Figure 3b) have the same percent area as obtained by other authors
(Revel and others 2000).
To explain the presence of the maximum unknown peaks in
Figure 3a, an experiment was carried out in the same conditions
as the experimental of this work with glucose and glutamic acid
(one of the major amino acids present in wine) (Silva Ferreira 1998)
for 100 h at 90 ◦C. The chromatogram obtained shows that sev-
eral peaks are present, and between them the maximum peaks are
precisely the maximum peaks obtained in wine chromatograms
(data not shown). By comparison with a reference standard, peak
6 is ketoglutaric acid (product of the reaction between glutamic
acid and a dicarbonyl compound), so it can be suggested that
the other compounds are products originated from the glucose
present.
Repeatability study and performance of the method
The reproducibility of the method was calculated from 6 anal-
yses of the same wine. The variation coefficients of the ketoacid
compounds study were estimated in white wine to be 12% for both
ketoacid compounds analyzed (Table 2).
The dicarbonyl compounds present variation coefficients be-
tween 4% and 23% in the wines analyzed (Table 1). The worst
results were verified to methylglyoxal. Methods presented in lit-
erature to quantify these carbonyl compounds have better vari-
ation coefficients (Revel and others 2000); it must be enhanced
that the objective of this method is to determine ketoacid com-
pounds, so the method conditions are performed for this main
objective.
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Figure 3 --- High-performance liquid
chromatogram of the derived: (a)
α-dicarbonyl compounds of the
same wine detected in UV at λ 315
nm. (b) ketoacid compounds of a
white wine detected in fluorescence
at λex 350 nm and λem 410 nm;
Column Superspher 100 RP-18, 250
mm × 4 μm. Peak 1, deoxyosone;
Peak 2, glyoxal; Peak 3,
methylglyoxal; Peak 4, diacetyl;
Peak 5, 2,3-pentanedione; Peak 6,
ketoglutaric acid; Peak 7, pyruvic
acid; Peak 8, ketobutyric acid; Peak
9, α-keto-γ-(methylthio)butyric acid;
Peak 10, β-phenylpyruvic acid.
Table 2 --- Repeatability study and performance of the
method
Mean SD CV (%)
Ketoacid compounds
(Methylthio)butyric acid 0.038 0.005 12.5
Phenylpyruvic acid 0.241 0.029 11.9
Dicarbonyl compounds
Glyoxal 0.086 0.016 18.4
Methylglyoxal 0.237 0,045 23.1
Diacetyl 0.066 0.002 3.6
Pentane-2.3-dione 0.007 0.001 19.8
Linearity study and matrix effect
The linearity of the method was tested using standard solutions
(water, 20% v/v ethanol) as matrix; the quantitative analysis of the
compounds analyzed showed that the method is linear with satisfac-
tory precision (Table 3). Quantification of the 2 ketoacid compounds
was possible at very low quantities, the best result being obtained
with β-phenylpyruvic acid (Table 4).
To study the existence of matrix effects standard additions were
made in a white wine. The slopes obtained are far lower of the syn-
thetic solutions (Table 3); these results suggest that there is a strong
matrix effect that causes the recovery to be far inferior to the levels
expected. The same results were obtained by other authors when try-
ing to determine furaneol in white wines by SPE–GC/MS (Ferreira
and others 2003). They suggest that this behavior is probably due to
the existence of complexes formed between furaneol and sulphur
dioxide or cathecols. In the case of this work, some more work has to
be done to explain this behavior; however, two hypotheses are sug-
gested. One of them is that the standard additions have a different
pH that could interfere in the analysis, and the other one is the exis-
tence of some complexes formed between the ketoacid compounds
added and other compounds of wine. To validate or discard these 2
hypotheses, some experimental work has to be done.
Table 3 --- Method linearity and standard addition experi-
ments
Synthetic solution White wine
Slope r Slope r
Ketoacid compounds
(Methylthio)butyric acid 0.0092 0.9805 0.0019 0.9269
Phenylpyruvic acid 0.0564 0.9902 0.0265 0.9265
Dicarbonyl compounds
Glyoxal 0.0259 0.9962 --- ---
Methylglyoxal 0.1166 0.9601 --- ---
Diacetyl 0.1109 0.9543 --- ---
Pentane-2.3-dione 0.1503 0.9628 --- ---
Table 4 --- Performance of the HPLC method for the quan-
tification of ketoacid compounds
Detection limit∗ Quantification limit∗
Ketoacid compounds
(Methylthio)butyric acid 0.0730 0.2420
Phenylpyruvic acid 0.0240 0.0800
Results as mg/L determined in hydroalcoholic solution (20% vol) Q2
α-Keto-γ-(methylthio)butyric acid and
β-phenylpyruvic acid levels in wine
Fifteen wines were analyzed, 4 white wines, 6 Madeira wines,
and 6 old Port wines. The levels found varied according to the type
and the age of the wine, α-keto-γ -(methylthio)butyric acid ranged
from 0.2 to 8.9 mg/L and β-phenylpyruvic acid from 0.1 to 9.6 mg/L
(Table 5). White wines presented the lower values and β-
phenylpyruvic acid was not detected in two of the wines analyzed.
The 6 old Port wines present the major quantities of these 2 ketoacid
compounds always present.
α-Dicarbonyl compound levels in wine
The quantities obtained for dicarbonyl compounds were similar
to those already reported (Revel and others 2000), except for glyoxal
Table 5 ---α-Keto-γ-(methylthio)butyric acid, β-phenylpyruvic acid, and α-dicarbonyl compound levels in wine
Dicarbonyl compounds
Ketoacid compounds (Methylthio)butyric acida Phenylpyruvic acida Glyoxal Methylglyoxal Diacetyl Pentane-2,3-dione
White wine
Sogrape reserve 1999 1.73 nd 2.15 4.94 1.93 0.28
Quinta de Azevedo 1999 0.86 nd 12.72 3.38 0.99 0.24
Duque de Viseu 2000 0.23 0.21 10.42 11.85 0.96 0.25
Vinho Jovem 2001 tr 0.15 3.31 3.87 1.12 0.30
Madeira wine
Bual 2000 0.81 0.13 4.34 4.55 4.37 0.27
CB 2002 (sweet) 2.39 0.75 8.04 12.07 2.06 0.35
Malvasia 2000 (sweet) nd 2.93 15.54 9.48 3.17 0.26
Verdelho 2000 (M/sweet) nd 2.77 21.51 8.70 1.86 0.12
TNM (M/dry) 1.07 0.88 13.42 0.46 2.70 0.11
TNM (sweet) 3.09 1.80 12.20 0.85 1.34 0.04
Port wine
IVP 18 2.87 9.59 25.10 23.16 2.51 0.42
IVP 19 2.02 5.50 19.26 21.33 1.78 0.45
IVP 8 3.77 4.89 16.74 15.67 1.78 0.19
IVP 9 3.81 4.04 15.30 17.16 1.51 0.52
IVP 3 8.85 6.12 28.63 25.40 2.08 0.32
aResults as mg/L.
and methylglyoxal (Table 4). The values ranged from 2.1 to 29.0 mg/L
for glyoxal, 0.4 to 15.6 mg/L for methylglyoxal, 0.9 to 4.4 mg/L to
diacetyl, and 0.04 to 0.5 mg/L for pentane-2,3-dione. White wines
always have lower concentrations than Madeira and Port wines, ex-
cept for pentane-2,3-dione and methylglyoxal, and old Port wines
always present the major concentrations.
Conclusions
The proposed method is sensitive, linear, and has a good repeata-bility. The levels found in the 15 wines analyzed (white wines,
Madeira wines, and Port wines) vary according to the type and the
age of the wine. α-Keto-γ -(methylthio)butyric acid ranged from 0.2
to 8.9 mg/L and β-phenylpyruvic acid from 0.1 to 9.6 mg/L. The
quantities observed for dicarbonyl compounds were similar to those
already reported. In fact, with the exception of pentane-2,3-dione
and methylglyoxal, Madeira and Port wines (mainly old Port wines)
have higher concentration of these compounds than white wines.
For the first time, α-keto-γ -(methylthio)butyric acid and
β-phenylpyruvic acid are detected in wines by a simple and selective
method that enables the quantification of Maillard intermediates,
some of which are believed to be key substances on the generation
of aged wine aroma (Hofmann and others 2000; Granvogl and others
2006). This methodology constitutes a fundamental tool in order to
gather useful information concerning the assessment of the main
pathway of the formation of Strecker aldehydes in beverages.
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